Background: Demographic data illustrate clearly that people in highly developed countries get older, and the elderly need more blood transfusions than younger patients. Additionally, special extensive therapies result in an increased consumption of blood components. Beyond that the aging of the population reduces the total number of preferably young and healthy blood donors. Therefore, Patient Blood Management will become more and more important in order to secure an increasing blood supply under fair-minded conditions. Methods: At the University Hospital of Münster (UKM) a comprehensive retrospective analysis of the utilization of all conventional blood components was performed including all medical and surgical disciplines. In parallel, a new medical reporting system was installed to provide a monthly analysis of the transfusional treatments in the whole infirmary, in every department, and in special blood-consuming cases of interest, as well. Results: The study refers to all UKM in-patient cases from 2009 to 2011. It clearly demonstrates that older patients (>60 years, 35.2-35.7% of all cases, but 49.4-52.6% of all cases with red blood cell (RBC) transfusions, 36.4-41. 6% of all cases with platelet (PTL, apheresis only) transfusions, 45.2-48.0% of all cases with fresh frozen plasma (FFP) transfusions) need more blood products than younger patients. Male patients (54.4-63.9% of all cases with transfusions) are more susceptible to blood transfusions than female patients (36.1-45.6% of all cases with transfusions). Most blood components are used in cardiac, visceral, and orthopedic surgery .0% of all FFP units). When regarding medical disciplines, most transfusions are administered to hematologic and oncologic patients (12.9-17.7% of all RBC units, 9.2-12.0% of all FFP units). The consumption of PTL in this special patient cohort (40.6-50.9% of all PTL units) is more pronounced than in all other surgical or in non-surgical disciplines. Conclusion: The results obtained from our retrospective analysis may help to further optimize the responsible and medical indication-related utilization of blood transfusions as well as the recruitment of blood donors and their timing. It may be also a helpful tool in order to avoid needless transfusions and transfusionassociated adverse events. Geißler/Franz/Buddendick/Krakowitzky/ Bunzemeier/Roeder/Van Aken/Kessler/Berdel/ Sibrowski/Schlenke ents for each blood component involved and the patients' specific indication for blood transfusions categorized into German diagnosis-related groups (G-DRG), are highly desired.
Geißler/Franz/Buddendick/Krakowitzky/ Bunzemeier/Roeder/Van Aken/Kessler/Berdel/ Sibrowski/Schlenke ents for each blood component involved and the patients' specific indication for blood transfusions categorized into German diagnosis-related groups (G-DRG), are highly desired.
Considering the demographic changes in Germany and Europe in the next 50 years, the divergence between blood component consumption and volunteer blood donation becomes more and more pronounced. The early recognition of this conflict and its translation into public awareness is of utmost importance to proactively developing strategies against shortages in blood supply. This scenario demands an intensification of programs on Patient Blood Management (PBM) in order to ameliorate the blood demand, optimize the patient's outcome, and avoid needless blood transfusions. Prior to the implementation of the PBM program at the UKM, we performed a retrospective analysis of the distribution of all blood products during a 3-year period (2009-2011) in order to precisely evaluate the status quo. Based on these data, we will start a facility-specific PBM program in 2012 which also includes a new monthly based medical reporting system for all transfusion-relevant medical disciplines, a consultant service by specialists in transfusion medicine in order to optimize bedside application, and a multidisciplinary acting task force to address more general issues such as the management of preoperative anemia [15] and blood loss-minimizing surgical techniques.
Material and Methods

Data Base
Each event of actually transfused blood components for in-patients is documented by the Institute of Transfusion Medicine and Transplantation Immunology of the UKM on a case-related basis. The documented data contain the type of blood component, the number of issued and transfused bags, and the date of production, issuance and application. All data were evaluated and analyzed with consent of the involved medical UKM departments.
Data Processing
As part of the internal cost allocation, calculated costs for the different kinds of blood components are added. In preparation for further data processing, other case-related data (e.g. gender, age, length of stay, diagnoses, medical procedures, G-DRG etc.) is considered. In a further step, the case-related patient data is allocated to the performing medical department within a standardized process developed by the UKM Department of Medical Management [16, 17] . The allocation to the performing medical department is an algorithm that assures a comprehensible and reliable assignment of cases in order to enable the department management and hospital management to plan, monitor, and control the operating figures of in-patient treatment. The main criteria of the allocation to the performing medical department are: the complexity of a surgical procedure and the length of stay in a special medical department. There are special regulations to ensure a correct allocation of special circumstances (e.g., severe injuries, bone marrow transplantation, neonates, implantation of defibrillators, etc.). According to this algorithm, the in-patient case data is allocated to one department only, even if the patient was transferred internally during the in-patient stay [16, 17] .
After allocation to the medical department of main performance the case-related data undergoes a further classification structure to create a
Introduction
Demographic data of Germany [1] and of other countries in the western hemisphere clearly shows that the total population decreases, that inhabitants get older [2] , and that disease treatment becomes more complex [3, 4] . These changes clearly influence the donation and consumption of blood components [5, 6] . On the one hand, older patients need more blood transfusions [7, 8] as a result of progress in medical sciences and techniques [4] . On the other hand, preferably younger, healthy people fulfill the criteria to donate blood voluntarily [9, 10] . However, the birth rates continue to decline over the last decades. At the same time, it has been observed that hospitals of maximum medical care, in particular, tend to register more extensive treatments. This is the case within the fields of solid organ transplantation and regenerative medicine or for major surgical interventions. It is also typical for hematology and oncology, especially for patients receiving high-dose chemotherapy regimens, which unavoidably lead to an increase in consumption of cellular blood products and fresh frozen plasma [5, 11, 12] . The increasing use of bone marrow and peripheral blood stem cell transplantations [13] did not unburden the need of blood components. On the contrary, it put significantly more pressure on the extension of the blood supply system [11] in addition to other new, therapeutic approaches and the above mentioned demographic changes.
Growing numbers of patients with alloimmunization, e.g. after gravidity or after episodes of repeated transfusions, complicate the permanent and safe allocation of 'matched' blood components. Due to the variances within patient populations (e.g. hemoglobinopathies such as sickle cell anemia or thalassemia) and transfusion policies, significant differences in country-specific needs of blood supply should be expected.
At present, no concrete evidence exists that 'artificial' oxygen carriers, neither perfluorocarbon-nor hemoglobin-based, could be established in clinical practice within the next years. Thus, this development will actually lead to a nationwide bottleneck of blood supply and, especially, for hospitals with medical disciplines that have high transfusion demands [5, 6, 9] . It is unlikely that these needs could be completely covered by an increase of blood donors.
The University Hospital of Münster (UKM) is one of 36 university hospitals in Germany. It is an infirmary of maximum medical care with approximately 1,300 beds, 33 departments, and more than 44,000 in-patient cases per year. The level of self-collected and manufactured blood components is almost 100% for apheresis platelet concentrates (PTL), whereas the level of red blood cells (RBCs) and fresh frozen plasma (FFP) is approximately 60% and 80%, respectively. The shortages are covered by other blood donation institutes such as the German Red Cross.
Up until now little was known about the national blood supply in Germany and Europe in terms of clinical applications [5, 14] . Thus, more details, such as an overview of recipi- hemotherapy adds up to EUR 4.9-5.7 million per year. More than half of these costs originate from the collection and manufacturing of PTL concentrates.
At the UKM, an infirmary of maximum medical care, RBCs are the most frequently applied transfusions followed by FFP (table 2) . However, the accounts of PTL transfusions are relatively high. Table 2 shows that the absolute numbers of used blood components throughout stay are nearly stable from year to year. In addition, irradiation was required for 4,557, 5,529, and 5,833 RBC units from 2009 to 2011, and for 4,593, 5,921, and 5,711 PTL bags yearly (data not presented in table 2). Figure 1 clusters the cases with different quantities of transfused blood components (1, 2, 3, 4, 5, 6, 7-10, 11-15, >15 products used per case). The quantitative patterns differ from product to product. RBCs are predominantly transfused by ordering 2 units, followed by 4 or 6 units ( fig. 1a ). RBC transfusions with more than 10 units are rather infrequent (10.7-12.1% per year). The data presented in figure 1 refer to cases; therefore, the units were counted independently upon the time period in which these components were transfused. Thus, they are not suitable to indicate patients with massive transfusions defined as '≥ 10 RBCs' within 24 h. The number of cases with PTL transfusions continuously decreases with the amount of transfused units ( fig. 1b) . At least 37.0-41.5% of the patients received only one; 21.7-26.1% of the patients received two PTL units during their entire hospital stay. Vice versa, the quantity of cases with FFP applications approximately rises with the number of transfused components in a similar two-bags order pattern like RBC units ( fig. 1c) . In each year investigated, 9.1-11.1% of the patients received only 1 or 2 units of FFP, predominantly children.
The age classification and gender distribution of the patients getting blood components are shown in figures 2 and 3, respectively. Most transfusions are applied in the middle and older age ( fig. 2) . Especially for RBC and FFP transfusions, the maximum use is indicated more heavily in older patients (71-80 years) as compared to PTL (51-70 years). For patients younger than 51 years old the need of RBCs (fig. 2a) ranges below the average of the referring age classification gained from all UKM in-patient cases (continuous line, arithmetic transparent platform of information for the clinician. This system of clinical performance groups (klinische Leistungsgruppen; KLG) was developed in the UKM Department of Medical Management [16] . The KLG system is independent from the G-DRG system. Within the KLG system each in-patient case is assigned to only one group of clinical performance. The allocation process follows a given hierarchy that considers complex cases first. Cases of lower complexity or nonsurgical treatments are accounted in descending order. All steps of the methods described are based on individually developed structures and processes of the UKM.
Data Reporting
This processed database is the basis for the evaluations described below. The data is updated monthly. It allows a representation of the number of transfused blood components per time unit for each department of the UKM and for each KLG. Comparisons to preceding years' figures are issued regularly. Therefore, longitudinal analysis of the use of blood components or costs, comparing different years of observation, is possible. A further differentiation according to different diagnoses, surgical and nonsurgical treatment, and different medical procedures, by age, gender or special features -such as the duration of mechanical ventilation -can be realized without difficulty. Thus, a differentiated view to special situations of any blood supply in the hospital is possible [16] .
Results
The data of this retrospective analysis include in-patient cases from 2009 to 2011 treated at the UKM. However, blood supply from the Institute of Transfusion Medicine of the UKM also comprises thousands of out-patient cases (e.g. in the state of pre-admission or post-discharge) which are not incorporated here. Furthermore, autologous blood donations were excluded from this report.
On an annual basis, table 1 compares the number of all inpatient treatments to the cases with transfusions of RBCs, PTL, and FFP at the UKM. In 9.1-9.2% of all cases any kind of transfusion was performed (data not shown in . 2c ) are below the average for 2-to 50-year-old patients. On average, male patients need markedly more blood products than female patients ( fig. 3a-c) . This gender difference is more pronounced for PTL ( fig. 3b) and FFP (fig. 3c ) than for RBCs (fig. 3a) . However, in contrast to transfusions of ordinary PTL apheresis products, which were applied to male patients in 59.8-66.2%, 66.7-80.0% of all HLA-/HPAadapted PTL units were transfused to female patients (data not shown in fig. 3b) .
Tables 3-5 summarize the total blood consumption separated for each blood component in distinct surgical (tables 3a, 4a, 5a) and non-surgical (tables 3b, 4b, 5b) UKM departments during the years from 2009 to 2011. The data are presented in two different modes: firstly, as 'transfused' cases of the department in relation to all 'transfused' cases of the hospital; secondly, as absolute numbers of transfused units within the department in relation to all transfused units in the infirmary.
The data indicates that the need of transfusions of RBCs and FFP is more pronounced in surgical disciplines, particularly in cardiac, visceral, orthopedic, and trauma surgery (tables 3a, 5a), while PTL are preferentially transfused in nonsurgical cases, above all in the departments of hematology/ oncology of internal and pediatric medicine (table 4b) . Furthermore, the treatments of the patients with severe and advanced hematological or oncological diseases also necessitate a great amount of RBC and FFP transfusions (tables 3b, 5b). It is striking that an intensive and sometimes long-lasting hemotherapeutic support is necessary for relatively few patients in these medical areas. Moreover, a lower number of nephrological treatment schedules are responsible for the consumption of higher amounts of FFP (table 5b), especially for plasmapheresis taking into account the increasing ingestions of enterohemorrhagic Escherichia coli toxin in 2011.
Discussion
The idea of an active PBM becomes more and more en vogue, and in some countries, like Australia, a nationwide campaign is already established. The demographic changes especially in highly-developed countries in Europe or in the USA enforce the necessity to improve strategies for collecting sufficient amounts of blood components from volunteer and healthy donors and to apply these blood products with high efficacy to the patients' benefit [18] . Keeping blood demand and supply in balance will become a significant challenge for countries with an excess of aging in their population.
Therefore, the UKM, as one of 7 university hospitals with maximum medical care in North-Rhine-Westphalia, will proactively address the future problem of safety in national blood supply. To this end we have established a facility-based Our data presented here noticeably correspond with the recently published data from a Belgian in-patient study [11] , in particular with respect to the quantitative distribution of transfusions of the different blood components to surgical and medical patients and to the major 'transfusional' indications for the three blood products. In the Belgian analysis, transfusions were preferably administered for surgical patients with heart, lung and liver transplants, to those with significant trauma, or to those with diseases of the circulatory system. Yet, in medical cases the leading diagnoses were bone marrow transplants, diseases of the blood and bloodforming organs, poorly differentiated neoplasms, and HIV infections [11] . The distribution of the three analyzed blood components to the different medical disciplines and gender distribution in the UKM schedule also approximately reflect the findings in publications from the USA [19] and the Netherlands [12] . Most blood components were used in cardiac and thoracic surgery, visceral and trauma surgery, in orthopedics, and in hematology/oncology. RBCs and FFP were preferably needed in surgical disciplines while PTL were more used in hematology/oncology. Patients with hematology/oncology treatment and cardiac/thoracic surgery did not only need the highest numbers of transfusion units but also received the most intensive hemotherapies, specified as blood products per person [12, 19, 23] . These findings could PBM initiative and started with first priority a retrospective status quo analysis of the flow of blood components within our institution. To support these efforts, the UKM installed a new case-related data evaluation program. This new medical reporting system enables the creation of an overview of the utilization of all blood components at the UKM, in each department or in a series of particular diagnosis-or proceduredriven in-patient cases. With this helpful tool, cost management for all clinical units and a patient-orientated case management could be performed effectively.
The cases of transfused patients included to this study and the numbers of transfused blood components depend on the severity of the patients' diseases and the complexity of the related therapy. Therefore our results can hardly be compared to other hospitals. In general, the overall consumption and distribution of blood components such as RBCs, FFP, and PTL at the UKM was relatively constant during the 3-year observation period. In addition, a specific distribution pattern is recognizable depending on the blood component or medical discipline. In our study, male patients on average need more RBC, PTL, and FFP transfusions than female ones, and older more than younger patients, confirming results published earlier [11, 12, 19, 20] . The age-and gender-related findings for RBC transfusions from the UKM are similar to the results published in other regions [14, 21, 22] . A high acceptance of an active PBM might help to optimize transfusion algorithms within the same hospital or in different hospitals [30, 31] . These transfusion algorithms such as more restrictive or more liberal transfusion regimens have to be permanently adapted to the recent state of the art in science and technology in order to improve the patient's benefit [32, 33] .
